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WHAT IS CLAIMED IS: 

1. A method for locating a low contrast movable object coupled 
mechanically to a marker object in a series of image frames that include images of the 
low contrast object and the nuuker object, 

said method compriang: 

locating the marko- object in a first selected frame of the series of 

image frames; 

selecring a patch of the first selected frame as a template of the marker 

object; 

utilizing the temptete of the marker object to estimate a location of the 
marker object in a second selected frame of the series of image frames; 

registering the second selected frame with the first selected frame 
utilizing the estimated location of the marker object in the second selected frame; and 

fusing the registered first selected firame and the second selected fiame 
to thereby enhance the contrast of the low contrast moveable object. 

2. A method in accordance with Claim 1 whaein said regis^g Ae 
second selected frame with the first selected fiamc comprises estimating a motion of 
the marker object between the first selected fiame and the second selected frame. 

3. A method in accordance witii Claim 1 fiulhw comprising removing 
a background from the first selected frame prior to selecting the template of the 
maricer object in the first selected frame. 

4. A method in accordance with Claim 1 fiirther comprising removing 
a background from the second selected frame prior to utilizing the template of the 
marker object from the first selected frame to estimate the location of tiie marker 
object in the second selected frame. 
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5. A method in accordance with Qaim I wherein the second selected 
frame is a frame subsequent to the first selected frame, and said method further 
comprises utilizing the second selected frame to modify the template of the marker 
object 

6. A method in accordance with Claim 5 wherein said utilizing the 
second selected frame to modify the template of the marker object comprises utilizing 
frames acquired both before and after the second selected frame to modify the 
ten^late of the marker object. 

7. A method in accordance with Claim 1 wherein the first selected 
frame and the second selected frame comprise intensities of a first image and of a 
second ima^, respectively, stored in a computer memory. 

8. A method in accordance with Claim 1 wherein the first selected 
frame and the second selected frame comprise logarithms of intensities of a first 
image and of a second image, respectively, stored in a computer memory. 

9. A method in accordance with Claim 1 further comprising removing 
a background from the first selected image and from the second selected image. 

A method in accordance with Claim 9 wherein said rwnoving a 
background comprises utilizing a local median intensity to remove the background. 

^^■^""^'^^^ •■{i^' A mettiod in accordance wi^i Claim 9 wherein said removing a 

background comprises utilizing a linear filter. 

^ A m^od in accordance with Claim 9 wberem said removing a 
background comprises interpolating the background of a coarser scale image in a 
Laplacian Pyramid. 

T4w A method in accordance with Claim 1 fiirther comprising takmg a 
square root of frame intensities of the first selected frame and the second selected 
frame, followed by removing a background from the first selected frame and firom the 
second selected famt. 
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A method in accordance with Claim 1 wherein said locatmg the 
marker object in a first selected firame comprises signaling a locatiott of the marker 
object utilizing a mouse click signal. 
\^ 

^. A method in accordance with Claim 1 wherein said locating the 
maricer object in a first selected firame comprises utilizing a matched filter to locate a 
point at which the first selected firame produces a maximum response to the matched 
filter. 

^i^A method in accordance with Qaim 1 wherein said utilizing the 
template of the marker object to estimate a location of the marker object in a second 
selected ftame comprises correlating the template of the marker object with the 
second selected firame in «ther a spatial or a Fourier domain. 

^ix}^ ^Q,^ A method in accordance with Claim 1 wherein said utilizing the 

\ . template of the marker object to estimate a location of the marker object in a second 

selected frame fiirther comprises utilizing prior marker object locations to estimate the 
location of the marker object in the second selected frame. 

'^% A method in accordance with Claim 1 wherem said utilizing the 
template of the marker object to estimate a location of the marker object in a second 
selected frame of the series of image firames further comprises utilizing a Kahnan 
filter to estimate motion of the marker object. 

^q . . 

iQ. A metiiod in accordance with Qaim 'Ml^ fiirther compnsing 
utilizing a statistic of a mean firee path of the marker object to determine how much 
modeled motion to utilize and how much data-driven motion to utilize in the Kalman 

filtCT. 

A method in accordance with Claim 19, fiirther compnsmg 
estimating a confidence interval on a location of the marker object. 

"22. A method in accordance witii Claim I wherein said utilizing the 
template of the marker object to estimate a location of the marker object in a second 
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selected frame of the saries of ims^e frames comprises locating two marker objects 
and fitting a portion of a connecting member between the two marker objects with a 
spline. 



23. A method in accordance with Claim I wherein said registering the 
second selected frame with the first selected frame utilizing the estimated location of 
the marker object in the second selected frame comprises regridding. 

"^^^ method m accordance with Claim 1 wherein said registering the 
second selected frame with the first selected frame utilizing the estimated location of 
the marker object in the second selected frame comprises a translation and a rotation. 

"^lAN.^ .... 
..-^-^ 2$. A method in accordance with Claim 1 wherein said registering the 

^ " ^^^^^^^^^^^^ selected frame with the first selected frame utilizing the estunated location of 

die marker object in the second selected frame fiuther comprises a warping. 

"34 A method in accordance with Claim I whorein said fiising the 
registered first selected frame and the second selected fi^e to thereby enhance the 
contrast of the low contrast moveable object comprises pixelwise averaging. 

^3^5^ A method for locating a stent on a guidewire in a series of x-ray 
image frames of a patient utilizing one or more marker objects on the guidewire 
indicative of a location of the stent. 

said metfiod conq>rising: 

locating the marker object in a first selected firame of the series of 

image frames; 

selecting a patch of the first selected frame as a template of the marker 

object; 

utilizing the template of tfie marker object to estimate a location of the 
marker object in a second selected firame of the series of image firames; 
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registering the second selected frame with the first selected frame 
utilizing the estimated location of the marker object in the second selected frame; and 

fusing the registered first selected frame and the second selected frame 
to thereby enhance the contrast of the stent in the second selected frame. 

. . 

^ A method in accoidance with Claim 2^ wherein said registenng 
the second selected frame with the first selected frame comprises estimating a motion 
of the marker object between the first selected frame and the second selected frame. 

A method in accordance with Claim further comprising 
removing an anatomical background from the first selected fi^me prior to selecting the 
template of the marker object in the first selected frame. 

A method in accordance with Claim ^furthw" comprising 
removing an anatomical background of the patient firam the second selected fiame 
prior to utilizing the template of the marker object fiwm the first selected flame to 
estimate the location of the marker object in the second selected frame. 

^ A method in accoidance with Claim 2sL wherein the second 
selected frame is a frame subsequent to the first selected firame, and said mdfaod 
fimho- comprises utilizing the second selected frame to modify the template of the 
marker object. 

3Sk a m^od in accordance with Qaim Hjvherein said utihzing the 
second selected frame to modify the template of the marker object comprises utihzing 
frames acquired both before and after the second selected frame to modify the 
tenq>lateofthemail»r object. 

A mediod in accordance with Claim "2?v further compnsmg 
ronoving an anatomical background from the first selected image and from the second 
selected image. 
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A method in accordance with Claim 33 wherein said removing an 
anatomical badc^und comprises utilizing a local median^ i^^^^ 

background. 

"34. A method in accordance with Claim"33Lwherem said removing an 
anatomical background comiMrises utilizing a linear filter. 

^sCa method in accordance with Claim 33<wherein said removing an 
anatomical background comprises interpolating the background of a coarser scale 
image in a Laplacian Pyramid. . 

A mefliod in accordance with Claim^ wherem said locatmg the 
marker object in a first selected fiame comprises utilizing a matched filter to locate a 
"^^JJCV^ P«i"* ^ *® ^^'^'^ ^® ^^"^ * maximum response to the matched 

A method in accordance with Claim TSJ wherein said utilizing the 
template of the marker object to estimate a location of tiie maiicer object in a second 
selected frame comprises correlating the template of ttie maricer object witti the 
second selected frame in either a spatial or a Fourier domain. 

^. A method in accordance with Claim^ wherein said utihzmg the 
template of the marker object to estimate a location of the marker object in a second 
selected frame of the series of image frames comprises locating two marker objects 
and fitting a portion of a connecting member between the two marker objects witfi a 
spline. ^ 

A method in accordance with Claim'^ wherein said registering 
tiie second selected fiame with the first selected fiame utilizing the estimated location 
of the marker object in the second selected frame comprises a translation and a 
rotation. ^ • 

"41, " A method in accordance with Claim ^ wherein tiie second 
selected image is an x-ray image acquired later than tiie first selected image, and 
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further comprising attempting to deploy the stent and utilizing the enhanced contrast 
of the stent to determine whether the stem has been successfully deployed. 

U\ ^ 

■S,. ' A method in accordance with Claim performed without 

injection of a contrast-enhanciog bolus after the deployment of the stent 

apparatus for tracking a motion of an object, said apparatus 
comprising a computer configured to process a series of image frames, and a display 



device, 



frames; 



object; 



said apparatus configured to: 

locate the marker object in a first selected frame of the series of image 
select a patch of the first selected frame as a template of the marker 



utilize the template of the marker object to estimate a location of the 
marker object in a second selected fi^une of the series of image frames; 

register the second selected frame with the first selected frame utilizing 
the estimated location of the marker object in the second selected frame; and 

fiise the rtjgistered first selected frame and the second selected frame to 
thereby enhance the contrast of the low contrast moveable object. 

'44^ An apparatus in accordance with Claim ^ wherein to register the 
second selected frame with the first selected frame, said apparatus is configured to 
estimate a motion of the marker object between the first selected frame and the second 
selected frame. 

An apparatus in accordance with Claim 2»sfurther configured to 
remove a background from the first selected frame prior to selecting the template of 
tiie maricer object in the first sdected frame. 
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T*^. An apparatus in accotdance with ClaimTH, further configured to 
remove a background from the second selected frame prior to utilizing the template of 
the marker object from the first selected frame to estimate the location of the marker 
object in the second selected frame. 

JW. An apparatus in accordance witti Claim ^Kl wherein the second 
selected frame is a frame subsequent to the first selected frame, and said apparatus is 
further configured to utilize the second selected frame to modify the template of the 
marker object. v-^Z^ 

Tta. An apparatus in accordance with CIaim'3> wherein to utilize the 
second selected frame to modify the template of the marker object, said apparatus is 
configured to utilize frames acquired both before and after the second selected frame 
to modify the tonplate of the marker object. 
— An apparatus in accordance with Claim ^fiirthercompnsmg a 

\ . ^ ^^^^^^-^^enjojy^ and wherein the first selected frame and the second selected frame comprise 
intensities of a first image and of a second image, respectively, stored in a computer 
memory. — . 

"50. An apparatus in accordance with Claim 43siiirther comprising a 
memory, and wherein the first selected frame and the second selected frame comprise 
logarithms of intensities of a first imagp and of a second image, respectively, stored in 
the memory. ^ 

•54^ An apparatus in accordance with Claim Sl^fiirther configured to 
remove a background fiwm the first selected image and from the second selected 

"52. An apparatus in accordance with Qaim'Si wh«ein to remove the 
background, said apparatus is configured to utilize a local median intensity to remove 
the background. 
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'Sy An apparatus in accordance with Claim ^wherein to remove the 
background, said apparatus is configured to utilize a linear filter. 

'54. An apparatus in accordance with Claim ^whwein to remove the 
background, said apparatus is configured to interpolate the background of a coarser 
scale image in a Laplacian Pyramid. 

An a|q>aratus in accordance with Claim 43,fiiirther configured to 
take a square root of frame intensities of the first selected fiame and the second 
selected frame, and subsequenUy to i«move a background from the first selected frame 
and from the second selected frame. ^ 

) P \^-^ ^ ^ svparatus in accordance with Claim 2ia wherem to locate the 

.—J marker object in the first selected frame, said apparatus is configured to receive an 
\ , \ *^^^^^^^^indicaHon of a location of tfie marker object signaled by a mouse click. 

Hp- ^ 

-57. An apparatus in accordance with Claim wherem to locate the 
maiker object in a first selected frame, said apparatus is configured to utilize a 
matched filter to locate a point at which the fust selected frame produces a maximum 
response to the matched filter. 

5«. An apparatus in accordance with Claim 2B vt^erein to utilizmg the 
template of the marker object to estimate a location of the marker object in a second 
selected frame, said ^aratus is configured to correlate the ten^late of the marker 
object with the second selected frame in eitha: a spatial or a Fourier domain. 

39. An s^paratus in accordance with Claim wherein to utilize the 
template of the marker object to estimate a location of the marker object in a second 
selected frame, said apparatus is configured to utilize prior marker object locations to 
estimate the location of die marko: object in the second selected frame. 

TJQ. An apparatus in accordance with Claim ^ whawn to utilize the 
template of the marker object to estimate a location of tiie marker object in a second 
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selected firame of the series of image frames, said sqppaiatus is furthor configured to 
utilize a Kalman filter to estimatemotion of the marker object. . 

An apparatus in accordance with Claim B6i,further configured to 
utilize a statistic of a mean free path of the maricer object to detennine how much 
modeled motion to utilize and how much data-driven motion to utilize in the Kalman 
mter. - 

An a4[>paratus in accordance with ClainTBQ further configured to 
estimate a confidence interval on a location of the marker object. 

^-^^ y "eSv An apparatus in accordance with Claim^ wherein to utilize the 

\ V ^^'^emplate of the marko- object to estimate a location of the marker object in a second 
selected firame of the series of image frames, said apparatus is configured to locate 
two marker objects and fit a portion of a connecting member between the two marker 
objects with a spline. 

154v An apparatus in accordance with Claim"^ wherein to register the 
second selected frame with the first selected frame utilizing the estimated location of 
the marker object in the second selected firame, said apparatus is configured to 
translate and to rotate said second selected finame. 

An apparatus in accordance with Claim^ configured to pixelwise 
average the registered first selected fi^e and the second selected frame to thereby 
enhance the contrast of the low contrast moveable object. 

An qyparatus in accordance with Claim ^ wherein said s^paratus 
further comprises an x-ray imager, and said image firames comprise x-ray images. 
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